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1.0 INTRODUCTION

Coal is one of our most abundant sources of energy. Even with the enhanced role
that coal will play in the future, known reserves are estimated to be sufficient
for at least three or four centuries. The utilization of this forin of fossil
fuel, however, is fraught with environmental problems. In each step from mine
to utilization various contaminants are released into the environment. The dust
and gases in mines, drainage from coal mines and refuse, and stack emissions
from coal-fired systems are examples of environmental problems that continue to
plague our society.

In the past, the environmental degradation from coal mining, processing and burn-
ing was reluctantly accepted. However, concern over environmental quality has
resulted in the establishment of regulacions or guidelines for nearly all forms
of coal utilization. Unfortunately, in many instances, the statutory regulaticn
of coal poliution has preceded the availability of the technology necessary to
achieve compliance with the law. Therefore, over the next decade, a massive ef-
fort musi be Taunched to develop suitable environmental control technology. The
technical approach to control of coal contaminaticn, however, is not straight-
forward. Compromises and tvrde-offs between efficient cnergy use and the some-
times uncertain environment consequences nust be considered. Often the choice
of control technology for ¢ 1rea will affect that required in another. Ulti-
matcly, deccisions must be based on knowledge of the origins, magnitude and be-
havior of the various kinds of coual conlaiinancs.

In this paper, we review som2 of the current information on the chemical and
physical structure o7 coals to establish the source and nature of potential en-
vironmental contaminants. With this as background, we ther discuss the nature
of the major cntaminants released into the environment during coal mining, han-
dling, and c.hwbustion. Finally we will consider coal preparation, which is one
of the most widely used forms of environmental control technology. Our discus-
sion of coal cleaning will center on the environmental compromises and implica-
tions attendant in using this method to produce a cleaner burning fuel.

2.0 THE ORIGIN OF ENVIRONMEWTAL CONTAMINANTS IN THE STRUCTURE OF CCAL

Coal is a combustible carbonaceous rock formed from plant remains and various in-
organic components (Fig. 1.3.1). Be2cause of this, coal is a highly heterogencous
material that contains a wide variety of inorganic and organic impurities in ad-
dition to the carbonaceous matrix. Most of the environmental contamination fro-
coals is a direct consequence of these jmpurities.

2.1 The Formation and Structure of Coal

The diverse couposition of coal arises from the geological and chemical condi-
tions present during coal formation. As outlined in Fig. 1.3.2, the first step



of coal! formation 1s thnught to be the deposition of plant remains and inorganic
sediments under reductive conditions, usualiy in a freshwater swamp or lake.
Eveatually, under heat and pressurc, these deposits arce transformed into peat.
The step from peat tc coal is a chemical modification that involves mainly the
loss of COz and water.

Physically, coal contains both organic-rich and inorganic-rich regions. The or-
ganic part of the coal structure, which comprises about 70 to 907 of the total,
is present in the fcrm of distinct physical entities called macerals, which have
diffcring sizes e¢nd shapes (Fig. 1.3.3). The morphologies of the macerals are
thought to be related to tke original plant constituents. The mineral matter in
coals appears as small particles and grains or thick layers interspersed within
the organic components.

2.2 Environmental Contaminants From the Organic Structure of Coal

The organic coal components contain mainly C, H, N, 0 and S: however, as detoilcd
in Fig. 1.3.4, there is considerable variation in these elements in coals. Lowor
rank coals, such as lignite, are typified by a lower percentage of C and H and

a relatively higher percentage of N, 0 and S, whereas the converse is true for
the higher rank coals.

The organic matter in coals is predominantly in the form of aromatic and hydro-
aromatic hydrocarbons. The 0, € and N atoms form various functional groups that
are disnersed throuchout the carbeon skeleton. The prevalent functional groups
in coals are phenuis, acids, etliers and Gioups containing sulfur and nitregen,

Various models have been proposcd Lo illustrate the structuval details of ihe
organic coal components. These are based on the known chemistry of coals, and
are meant to suggest the major features of molecular compesition rather than to
be exact representations. One of the more populay structural models, devised by
Wiser, is shown in Fig. 1.3.5. This structure, of course, bears a remarkabiec
resemblance to the molecular configurations present in the humic components of
plant materials.

The molecule picturcd in Fig. 1.3.5 is very large, and, indeed, the general cnem-
ical inertness of coals is a reflection of the large sizes of their constituunt
molecules. However, during combustion, the large orgunic molecules can break
down into smaller entities which can more eusily escape into the environment as
gaseous pollutants or as water contaminants. Also, coals contain some smaller
organic molecules that are entrapped within the coal lattice. These may be re-
leased during processing or storage without the necessity of nolecular cleavage.

By referring to the model in Fig. 1.3.5, it is relatively easy to envision the
types of organic molecules that are released by coals during combustion, oxida-
tion or weathering. Due to their preponderance,various aromatic and aliphatic
hydrocarbons are common contaminants. Alsv, beciause heteroatom 1inkages are of-
ten susceptible to cleavage, molecules containing N, 0 and S atoms are prevalent
coal contaminants. Typical examples of the types of oryanic molccules in the
emissions or discharges from coals are pictured in Figs. 1.3.6a, b and c.



2.3 Environinental Pollutants From the Inorganic Constituents of Coal

Most of the inorganic coal components were deposited either as sediments in the
original bed or as secondary materials during the formavion of thte coal; however,
some of the tracce or minor elements in coals were probably present originally in
the plants.

The most abundant inorganic elements in coals (excluding S, N and 0) are listed
in Fio 1.3.7. Thesec are the elements that, for the most part, form the major
mincra,. found in coals. These minerals fall intu the four main classes listed
in Fig. 1.3.8. They are the alumincsilicates (Ma, K, Al, Si), the sulfides (Fe),
the carbonates (Ca, Mg, Fe) and silica (Si). Generally, the aluminosilicates
(clay minerals) and quartz tend to be chemically stable. Heither is volatile or
likely to be leached from the coal. During combustion these minerals will form
2sh. Another troublesoirs aspect of the clay minerals is that they will fragment
during burning Lo form small particulates (fly ash) that mix with the stack
gases. The caroonates also form ash during combustion. In addition, they are
partially water soluble and may be leached out of coals or wastes.

Among all of the coal constituents, environmental contamination caused by pyritic
materials is the most severe. The sulfides are not particularly soluble or vola-
tile per se, but when pyrite (or marcasite) is exposed to atmospheric conditions,
it can interact with air and water at ambient temperature to produce soluble iron
sulfate and sulfuric acid. This reaction of the iron sulfides in coals is, in
fact, responsible for the formation of acid mine drainage, a most serious watler
pollution problen. Alco, during the corbustion of coal, the sulfur in the iron
sulfides (along with addea amounts of organic suifur) is uvxidized to 0,, the
most prevalent air contaminant associated with the burning of coal. The chzmical
reactions for the formation of sulfuric acid and sulfur dioxides from iron sul-
fides appear in Fig. 1.3.9.

In addition to these major inorganic eleaents, coals also contain a wide variety
of trace or minor elements. A listing of some of the trace elements of environ-
mental concern in coals is given in Figs. 1.3.10a and b. The soluble forms of
these elements may be relcased into the envirommient by aqueous leaching of coals
or their residues. Also, some of the toxic trace elements assume volatile forms
during coal bui'ning; these can escape into the atmosphere along with the more
inert gaseous products.

3.0 THE RELEASE OF ENVIROIMENTAL CONTAMINANTS FROM COALS
DURTNG PROCESSTHG D COWBUSTTON

In the precoding section, we discussed the structure of coal, and how the vari-
ous types ct contaminanis originate in the coal. In addition, we briefly ccnsid-
ered how these contaminants arc transported into the environment, either as gas-
eous or water-borne pollutants (Figs. 1.3.11a and b). In this section, we will
consider the types of contaminants that are released from coals durinyg the vari-
ous processing and utilization steps. Then, we will go on to discuss the envi-
ronnental circumstances surroundina coal preparalion, particularly to emphasize
its use as an environmental control niethod.



The usual sequence of coal production and utilization steps appears in Fig.
1.3.12a. After mining, nearly all coal is subjected to storage and transpcrta-
tion steps prior Lo utilization (combustion). In addition, about one-half of
the coal mined in the U.S. is washed or prepared before it is used to remove
some of the unwanted mineral watter. Each processing, handling or utilization
step results in the production of significant environmental pollutants.

3.1 Environmental Pollution from Coal Mining

Coal mining is one of our most dangerous incustries. Therefore, the environ-
mental and health hazards associated with this phasc of coal production are under
much scrutiny. As shown in Fig. 1.3.12b, both atmospheric and aqueous corntami-
nants are produced by coal mining.

The main atmospharic contaminants from coal mining ave dust and gases. Dust is
nenerated by physical abrasion 0§ the coal, and under confined conditions, such
2s in underground mines, the respiration of this dust is a major heaith preblen,
The release of methane and other combustible yases from the coal beds is another
serious proklem associated with coal mining. Uadcryground, when veatilation is
poor, thcse gases can accumulate in explosive concuntrations.

Acid drainage is by far the most serious water probilem associated with coal min-

ing. As detailed earlier, acid formation results from the pyritic material pres-
ent in the coigl. Fore than 3-million tons of sulfuric acid are discharged annu-

ally inlo waterways from coal minas. Acid mine drainage is resjonsible for con-

taminating some 7,000 miles of streams in the Appalachia region,

Th: spoil material from coal mining (overburden and mine wastes) contributes to
cuntamination on a much smaller scale than do mines. For environmental purposes
most of this type of waste is used as fill material after mining has been com-
pleted. However, coal mine spoils are a local source of acid drainage and miner-
al contaminants in water.

3.2 Contaminants Produced oy Coal Storage and Transportation

Neither the seriousness nor the extent of environmental contamination from coal
storage or transportation has been adequately assessed. As seen in Fig. 1.3.12c,
the potential exists for the release of pollutants into both the atinosphere and
aqueous environment during these handling operatlions. Because of the transient
nature of coal during storage and transportation, gascous and aqicous pollutants
from these sources will often be more diffuse or less visible than those from
stationary sources.

3.3 Environmental Contamination From Coal Combustion

The environmental contaminants produced by the burning of coal in boilers, power
generators and other stationary sources (see Fig., 1.3.12d) are well identified,
and we need dwell only briefly on this topic here.

The oxides of sulfur, nitrouen and carbon are the most notorious air contaminants
produced by the combustion of coal. These contaminants enter the atmosphere in
great quoantities. In 1974, about 20-wmillion tons of SU, and 5-million tons of



nitrogen oxides (O ) were discharied into the environment from cnal burning,

In additicn to thesé gascous contaminants, coal combustion also produces large
quantities of finely divided mineral particulates (fly ash) that also escape in-
to the environment in copious quantities. TFinally, in the last few years it has
becn recognized that certain toxic trace elcenernts, such as Pb, Hg, As and Cd may
be released into the atmospaere in worrisome quantities from coal cowbustion
sources. It is not yct clear whether these elements are in a completely vola-
tile stote or whether they are adsorbed at the surface of fly ash or other par-
ticulate emissions,

The burning of coal also produces solid waste materials that need ‘. be disposed
of in environmentally compatible ways. The bulk of this residue is bottom ash
formed by the nonvolatile mineral matter in the coal. In acdition, to lessen

the air pollution load, increasing amounts of fly ash are being removed from the
stack components by precipitators and other devices. About 70-million tons of
bottom and fly ash are produced annually in the U.S. from coal combustiori. There
is growing awareness that the discarded solid wastes from coal combustion may
themselves bhe a serious source of environmental contamination. In particular,
these materials may be subjected tv leaching by rainwater or surface flows that
could producc mineral or trace elemeni contamination.

3.4 Environmental Contaminants From Coal Preparation

The final coal processing step that we will consider is coal! washing or prepara-
tion. In contrast to the previous areas discusscd, this step is conducted spe-

cifically to reduce ihe councenlration of sore of the undcsirable mincral impur-

ities. There are, of course, economic benefits to be derived trom coal wasning,
such as the reduced cost of shipping, storing and burning a higher quality prod-
uct, but for the future, coal preparation is best envisioned as a pollution con-
trol measure.

Coal preparation is largely a mechanical process, involving a series of crushing,
sizing, separating and drying steps. In most cases, the coal is separated from
the mineral matter on the basis of density. Modern coal preparation plants can
recover about 90 of the energy content c¢f the coal, while reducing the sulfur
content to less than 1.

The mineral refuse and wastes from coal preparation are also a recognized source
of environiental contamination, as detailed in Figs. 1.3.12e and 1.3.13. Coal
preparation refuse is subjected to weathering and leaching processes that fre-
quently produce acids and highly mineralized drainage. The relative seriousness
of this problem can be judged by comparing the quality of the aqueous effluents
from typical coal refuse dumps (Fig. 1.3.14) with the proposed EPA standards for
such effluents shown in Fig. 1.3.15, It {is seen that in no instance does the
quality of the waste bank effluents (e.g., see the Fe, Al, Mn and pil values)
approach the criteria established by EPA. 1t has been cstimated that more than
3000 miles of streams in Appalachia alone are contamninated from coal refuse
umps.

In addition to water contamination, burning refuse dumps produce substantial air
pollution. Approximately 1% of the total mationwide quantities of sulfur-,
nitroyen- and carbon-oxide emissions are atiributed to burning coa) wastes.



Rthough this may be considered o small contribution, these contanirants occur

in highly lecciized regions. Finally, we must also point out that structural in-
stabilities in coal refuse banks have resultrd in landslides or cave-ins that
have claimnd several hundred lives over the last 20 years. The problems associ-
ated with cnal refuse cumps are not isolated incidences. Of tha 3090 to 5000
refuse durps in the U.S., about one-half are thc source of some type of health

or environmental problen.

3.5 Environmental Trade-offs in the Coal Preparation/Utilization Cycl2

A primary function of coal preparation is to reduce the mineral matter in raw
coals so that the emissions from the burnina of these cvals can meet established
guidelines. Indeed, about 100-miilion tons of potential contaminantis are removed
annually from U.S. coals by coal preparation. The waste naterials produced by
coal preparation are a major source of enviromnzntal contarination.

As shown in rigs. 1.3.16 and 1.3.12f, coal prcparation is in effect an enviro:-
mental trade-off: a serious health and pollution problem is simply being trans-
ferred from one segment of the envi-onment to another. Undoubtedly the rationclc
for this transfer is based on the assuimption that contamination from solid wasto
materials concentrated in remote disposal areos is easier to contrcl or alleviate
than the more ubiquitous forms that are discharqged by the burning of coal. Con-
ceivably, the combinad hazards from coal refuse dumps present a less serious
threat to hunan health than the highly mobile cinissions from burning coal, al-
though this point could be debated at scie Tenyth. Enviromrental control of
discarded coal refusc, unlii recently, has beczi largely noglected. Until ade-
quate assessment and cleanup of this source of contamination 1s eiiected, the
full implications of c<ual preparation as a viable pollution control neasure can-
not conpletely be evaluated.

Most of the major environmental pollutants from coals originate as ir:purities in
the coal structure. These include various organic coupounds,minerals and trace
elements that are released into the air and water when coal is mined, processcd,
and ulilized. The use of coal nreparation to produce cleaner burning fuels in-
volves an environnentil conpromise, wherein reduced emissions and solid wastes
from coal burning sources are achieved at the expense of greater environmental
degradation from coal cleaning wastes.
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WHAT IS COAL ?

CCAL IS A COMBUSTIBLE SIDIMENTARY ROCK
FORMED FROM PLANT MATERIALS AND
INORGARIC SEDDMESTS IN VARIOUS STAGES

OF METAMORPIISM
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